
18 Analysis

type def %
0 0 track

π 1 1 track, pTEM <0.8
ρ(770) 2 1 track, pTEM >0.8
a1(1260) 3 > 1 tracks

Table 4.5: Definitions of the different tau types

4.2 Z0→ττ → µνµνττhadντevents

4.2.1 Used trigger

4.2.2 Di-Muon rejection

4.2.3 Muon isolation

In signal events, the muon is generally isolated. As follows, a sample with
non-isolated µcontains only fake τ , these events can come from qbqbproduction
with at least one qbdecaying semi-leptonically to a muon, a second possibil-
ity is production of light quarks (QCD), where one of the fragmentation
π±K±decays into a muon. As the separation of the signal and background
samples rely on the µisolation, this variable is crucial. There are two sys-
tems that independently measure the µisolation: the calorimeter measures
the MIP trace of the muon and the potentially all particles from the accom-
panying jet and the track which determines the momenta of the muon and
the charged part of the jet.

Naively, isolation could be defined as the distance to a jet passing the jet
selection criteria but it suffers from both low energetic jets that don’t pass the
reconstruction threshold and muon where the calorimetric energy fluctuates
so that the muon trace creates a jet. A variable that takes the muon energy
better into account is using the energy summed in different cones around the
muon direction. The energy left by the muon is mostly contained within an
inner cone of 0.1. The best discrimination between signal and background
is achieved when cutting on the energy in a cone of 0.4 after substraction
energy contained in the inner 0.1 cone.

Track can be treated similarly, in this case the size of the inner cone
does not need to be optimized as the central track belonging to the muon is
determined by the track fit. The transverse momentum of all other track in
an 0.5 cone are summed up to give a isolation variable based on tracks.

LOOKED AT A NUMBER OF SIMILAR VARIABLE¡ SHOULD THAT
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Chapter 4

Analysis

4.1 Event selection

Tau leptons are produced by the rather well known processes of W/Z0vector
boson production with a decay of the electroweak boson into a ττ pair resp.
τντpair.
In contrast to the lighter leptons, the tau has a short lifetime and thus only
its decays products are measured by the detector. The final states with the
largest branching fractions are given in table on the left of table 4.1, the fi-
nal states for the Z0→ττ process are given on the right side of the same table.

τ
decay channel BF in %
electron 17.8
µ 17.4
1 π± 11.1
1 π±+ n π+ 36.9
3 π± 10.
3 π±+ n π+ 5.2

Z0→ττ
decay channel BF in %
ee 3.2
µµ 3.0
eµ 6.2
had e 23.0
had µ 22.5
had had 42

Table 4.1: The branching fraction of most common τdecays (left) and the
final state signatures of Z production with following decay of the Z into a
τpair.

Muons and electron are well understood objects which can be identi-
fied with high efficiencies and fakes rates around 0.1%. In contrast to that,
hadronic decaying taus are narrow jets and thus more difficult to distinguish
from background. This fact and the non-availability of the L1 track trigger

11



(so far, work concentrates on the determination of muon efficien-
cies and will hopefully cover more in the near future)

For the data=taking period used for Mori-
ond 2003 analyses, the track trigger was not 
availible.
Thus the only decay modes with a lepton in the 
final state passed any trigger requirement.
Here, we’ll concentrate on the muon-hadronic 
channel.

The starting point is an (isolated) muon, so the 
first section is concerned with the determination 
of all applicable muon efficiencies.

The second part will concentrate on the defini-
tion of the candidate and control sample.
More specifically this deal with muon isolation 
and rejection of di-muon events from cosmics or 
direct Z decays into muons

The third section examines the candidate sample to extract 
Z candidates and concludes with the reconstruction of the Z 
mass.



Section 1) Muon efficiencies: 

fall into mainly three parts: 
trigger, reconstruction and track matching.4.1 Event selection 13

• (Trigger): the fraction of muons passing the requirements of the trigger
at all three stages

• (reconstruction): the fraction of muons being reconstructed in the
local muon system with sufficient quality

• (track matching): the fraction of muon with a central matched track

All these efficiencies are not independent, for the determination of the
total efficiency the equation (A,B) = (A|B)× (B) is used which says that
the efficiency for the requirement A and B is the efficiency for requirement
B times the efficiency for A once B has been required. The efficiency can be
written as:

 = (L2|L1,match, reco, geom, pT ) (4.1)

×(L1|match, reco, geom, pT )

×(match|reco, geom, pT )

×(reco|geom, pT )

×(geom, pT )

Three different thresholds for the transverse momentum of the µare con-
sidered and the efficiency numbers are determined separately for each value.

The following subsection describe the determination of the efficiencies
listed above.

Muon acceptance

As mentioned in ??, the coverage of the muon system extends to |η| ≈2. In
addition, the support for the calorimeter necessitates a hole in the A-layer
coverage for φ values from 225 to 310 degrees. The reconstruction efficiencies
from a Z0→µ−µ+MC are shown in fig.4.1.2, the fiducial region is indicated
by lines.

Figure 4.1: Muon acceptance from Z0→µ−µ+MC: Right: a box-plot of the
muon reconstruction efficiency, the lines indicate the fiducial region. A plot
of the fraction of muon from a Z0→ττ decay inside of the fiducial region
passing a certain pT cut is shown on the left.

A fraction of 63.9 ± 0.4(stat) ± 0.25(sys)% of muons from the Z0→ττ
decay are within the fiducial region of the D/0 muon detector. The systematic

13



4.1 Event selection 17

Requirements for the tagging muon

For the analysis presented in this chapter, the requirements on the muon are
rather hard in order to suppress the large background present in this channel.
The muon is required to pass cuts for a medium local muon with a central
matched track. Events outside of the timing window are rejected.
The efficiencies for those requirements and their measurement uncertainty
can be found in table 4.1.2.

Requirement Efficiency
within fiducial region 0.690 ± 0.005
pT above 6 GeV 0.448 ± 0.027
pT above 15 GeV 0.241 ± 0.027
L1 trigger 0.955 ± 0.013
L2 trigger 0.85 ±
reconstruction 0.85±
track match 0.8 ±
timing 0.989 ± 0.0024

Table 4.3: Efficiencies in the muon identification

4.1.3 Electron identification

4.1.4 Jet selection (?)

tight jet
Ehot/E2ndhot < 5.
coarse hadronic fraction < 0.25
em fraction > 0.05
em fraction < 0.95
N 90 > 1

Table 4.4: Definitions of a good jet as given in [?]

4.1.5 τselection

Taus are separated into three (four) categories, using the number of matched
tracks and sub-clusters in the EM3 layer. The categories and definitions
thereof can be found in table 4.1.5. In addition to these three types, there is
a type 0 with no matched track due to tracking inefficiencies.

17

Resulting efficiencies:



Muon Acceptance:

The fiducial region is defined using a Z μμ MC sample trying 
to keep a region where the detector show a flat reconstruc-
tion efficiency.
The cuts used are:
 |η|< 2
 |η| < 1.3 and 3.8 < φ < 5.35.

The efficiency of this acceptance cut in combination with the 
requirements on the transverse momentum of the muon are 
determined using generator level MC events where pT is 
smeared to have the same resolution on the Z peak as ob-
served in data. 

Details about the smearing method and the determination of 
the systemativ error on the acceptance*pT cut can be found 
here and in the W μν cross section note.
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Muon reconstruction efficiency:

The efficiency ot reconstruct a muon of medium quality 
in  the local muon system is determined using Z and J/psi 
events.  These evnest are required to  have fired a single 
muon trigger with a L2 requirement. One of the two legs of 
that di-muon object is required to have a medium local muon 
track and a matched central track. This muon has to be 
matched to the L2 trigger muon. This leave an unbiased sec-
ond muon that will be called “test” muon.
The test muon has to have a central track and the invariant 
mass of the two central tracks is used to “tag” the test muon. 
The invariant mass peaks of the Z and the J/psi are fitted 
and the fraction of events with rec onstructed local muons is 
extracted.



Muon Tracking*matching efficiency:

The sample used for this study consists of eventss with two of-
fline medium quality muons. The events have to pass at least 
one trigger without a L2 track requirement to have an unbi-
ased estimate of the tracking efficiency before trigger.
The momneta measure in the muon system is used to calcu-
late the invariant amss ot the two muons and the J/psi and 
Z peaks are fitted for sample of evnts with 2, 1 or 0 matched 
central tracks. The efficiency is calculated using the formula:
2*N2+N1/2*(N2+N1+N0)



Muon Trigger effi ciency at L1:

The muon trigger effi ciency at L1 is obtained using events trig-
gered with any calorimeter term  which have a reconstructed 
muon. This muon is required to be of medium quality and to 
have a matched central track. It has to pass the timing cuts 
and to further reject cosmics, the events with a second muon 
(ΔR > 0.5) are disregarded. Additionally this rejects events 
with more than one actual muon which could lead to an over-
estimate of the trigger effi ciency.
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Muon Trigger efficiency at L2:

The efficiency of a L2 (medium) muon is obtained using the 
same data sample as for the L1 study. Again exactly one of-
fline muon of medium quality with a matched track is required 
and the event has to pass the L1 condition. The offline muon 
is matched to a global L2 muon in an 0.5 cone.
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 The difference of the efficiencies obtained using the global L2 
muons and using the L2 bits can be explained by the angular res-
olutions of the L2 muons (see detailed plots).



Muon Timing efficiency:

The efficiency of the timing cut for cosmic rejection are de-
termined using events with two reconstructed muons with 
matched tracks. These events are suppsed to pass a L1 di-
muon trigger to emulate evnets where the only muon in the 
events is required to pass the L1 trigger.
The invariant mass of the two global muon tracks is fitted in 
the regions of the Z/ J/psi and Upsilon peak for events with 2,1 
and 0 muon passing the timing requirement.  The same count-
ing methis as for the tracking efficiency is used and the differ-
ence of that central value for the three peaks for two different
background fits is used to estimate the systematic uncertainty.



Muon Isolation:

The muon procued by the decay of electroweak bosons (or 
indrectly through the tau) are isolated in contrast to muons 
produced in QCD events, e.g. in b or c quark decays. Naively, 
the isolation caould be definde as distance to a reconstructed 
jet. As it turns out, the turn-on curves for jet-reconstruction can 
fail to find low energetic jets, which are then classified as iso-
lated and due to energy fluctuations, the energy deposited by 
a muon can lead to a jet, which results in inefficiencies of this 
definition. Thus better variables describing the muon isolation 
have been studied and reated according to rejection power for 
a set signal efficiency. There are two sets of variables: one is 
using the reconstructed tracks in a cone around the muon (ex-
cluding the track matched to it), either counting tracks above a 
transverse momentum threshold or summing their pT.
A similar method can be applied to the energes measured in 
the calorimeter. The energy deposited by the muon should be 
excluded so that a hollow cone with an inner and outer radiis 
is used, both of which can be optimized.  
To extract both efficiency and rejection from data, two sample 
have been used: a sample of selected di-muon events, where 
both muons are reconstructed locally and have track matched 
and an invariant mass compatible with the Z mass which pro-
vides the “isolated” muons. As background, events with low 
Missing transverse momentum as expected in QCD events 
have been selected. Events with second mons are rejection to 
reduced “signal” contamination.
This study is based on the work described in D0note xxxx.
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A number of additional figures can be found later.
The background rejection for a given efficiency is different for central 
and forward muons and as the jets producing “background” muon get 
getting more energetic as the muon does, the rejection power is increas-
ing the the pT of the muon.



Muon Acceptance*pT details:



 - smear the generated MC pT to have same Z mu mu resolution 
in data + MC, again from 

 - sytematics for the acceptance from  W μν cross section note

 - use Ansatz (3) to smear the generated muon momenta in 
41000 Z tautau MC events.
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This show the pT of muons from W bosons compared 
to the (non-)smeared MC distribution (stolen from the W 
μν cross section note)

The smearing has most effect on high pT muon which 
are of less interest for taus. On the other hand the 
smearing was obtained using Z events, thus I take the 
full systematic error  of the pT smearing as obtained for 
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Muon L1 trigger - details:

The efficiencies looking at AO-terms have been compared to the L1 
terms as cross check. The selection of the used events has been varied 
to estimate the systematic uncertainly of the efficiency.
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The influence of requiring a good vertex and of the di-muon veto are 
neglegible. The track requirement results in a slightely higher efficiency 
which is most likely due to the higher purity of the triggered sample.

The most significant source of uncertainly are the MC statistics of the 
signal sample which is needed to fold the efficiency as function of eta 
with the expected MC distribution.



Muon L2 trigger - details:

The resolution of the L2 muon angle have been fitted and the efficiency 
loos due to the cut at a cone of 0.5 has been estimated. This corrected 
efficiency was compared to the one obtained check the L2 but for >=1 
medium quality L2 muon. Both numbers agree resonably well and the 
difference is quoted as systematic uncertainty.
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Muon isolation - details:
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The background sample does not seem to have a significant contribu-
tion of signal W/Z -> mu events. Thus the histograms are used directly 
to plot efficiency versus rejection.
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The best result sohould be expected by a combination of variables. All of 
the isolation variables are strongly correlated so that the most enhance-
mant of rejection power can be expected by combining track and calo-
rimeter based information. The following plots shows the combination of 
the best track-based (“et flow”) and calorimeter -based variable (et en-
ergy between 0.4 and 0.1). 
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